Functional convergence and divergence of mating-type genes fulfilling in Cordyceps militaris.
Fungal sexual lives are considerably diversified in terms of the types of mating systems and mating-control gene functions. Sexual fruiting bodies of the ascomycete fungus Cordyceps militaris have been widely consumed as edible and medicinal mushrooms, whereas the regulation of fruiting-body development and sex in this fungus remain elusive. Herein, we performed the comprehensive functional analyses of mating-type (MAT) genes in C. militaris. Interspecies functional convergence was evident that MAT1-1 and MAT1-2-1 null mutants were sterile and lost the ability to produce stromata in outcrosses with the opposite mating-type partner. In contrast to other fungal species, functional divergence of MAT1-1-1 and MAT1-1-2 was also observed that ΔMAT1-1-1 produced barren stromata in outcrosses, whereas ΔMAT1-1-2 generated fruiting bodies morphologically similar to that of the parental strain but with sterile perithecia. The homothallic-like transformants MAT1-2::MAT1-1-1 (haploidic MAT1-2 isolate transformed with the MAT1-1-1 gene) produced sterile stromata, whereas the MAT1-1::MAT1-2-1 (haploidic MAT1-1 isolate transformed with the MAT1-2-1 gene) mutant was determined to be completely fruitless. The findings relating to the fully fertile gene-complementation mutants suggest that the genomic location is not essential for the MAT genes to fulfill their functions in C. militaris. Comparison of the production of bioactive constituents cordycepin and adenosine provides experimental support that the fungal sexual cycle is an energy consuming process. The results of the present study enrich our knowledge of both convergent and divergent controls of fungal sex.